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Among vertebrates, the cellular
and molecular mechanisms of
neural induction appear largely
divergent [1], thus providing little
indication of the ancestral
chordate mode. Ascidians, which
belong to a sub-phylum of the
chordates (Urochordata) long
separated from the lineage
leading to the vertebrates, may
provide insight to these questions
[2,3]. We have investigated neural
specification in ascidians using a
genetic approach. Ascidians are
hermaphrodites, and the ability of
ascidians of the genus Ciona to
self-fertilize provides a rapid
means for identifying recessive
zygotic mutations [4,5]. We
screened Ciona intestinalis for
naturally occurring mutations,
which can be detected in a large
percentage of the wild 
population  One such mutant is
frimousse (frm).
In the ascidian larva, the
sensory vesicle, the putative
homolog of the vertebrate fore-
and midbrain [6], is the most
prominent feature of the anterior
CNS, and contains two pigmented
sensory organs, the ocellus and
the otolith, which are sensitive to
light and gravity, respectively
(Figure 1A). The frimousse (frm)
mutant was initially identified in
larvae of a self-fertilized brood
due to the absence of the
pigmented sensory structures in
~25% of individuals (Figure 1B).
The founder was subsequently
crossed to wild-type individuals,
and the mutant line has been
maintained for over six
generations without a change in
phenotype.
Conservationists have good
reason to ring alarm bells about
the decline in numbers of many
species worldwide. Most are
linked to the increasing intrusion
from human activity, but one
decline has proved a major
puzzle: all around the world
there appears to be a decline in
numbers of amphibians and
often in habitats with minimal
human influence.
A new study has looked at the
falling numbers of the mountain
yellow-legged frog (Rana
muscosa) in the Sierra Nevada
in California. Reporting in the
Proceedings of the National
Academy of Sciences
(published online) a researcher
has for once got some good
news. Not only does he
determine one major factor in
the frog population's decline, he
describes how to reverse it.
The key factor was thought by
Vance Vredenburg, at the
University of California,
Berkeley, to be the widespread
introduction of both the rainbow
trout and brook trout into lakes
in these mountains where the
frogs live. His study
experimentally manipulated the
presence and absence of these
two fish species. From 1996 to
2003, the introduced trout were
removed from five lakes in a
remote protected area, and 16
nearby lakes were used as
controls, eight with introduced
trout and eight without. To
determine the vulnerable life
stages, rainbow trout were
placed in cages in three lakes
containing amphibians.
The study found that removal
of introduced trout resulted in
rapid recovery of frog
populations and in the caging
experiment, tadpoles were
found to be vulnerable to trout
predation. The results suggest
that the widespread
introduction of these fish has
had a major impact on frog
populations in this region of
California, but that removal of
them can lead to a rapid and
dramatic reversal in the
amphibians' fortunes. 
Other observations in Costa
Rica, Spain and field
experiments in Australia
implicate introduced trout in the
decline of local frog
populations, but this study has
shown for this frog species what
has actually been happening
and what can be done.
Trout out
Fishy business: A study has found that the introduction of trout species such as
the rainbow trout, shown here, have been responsible for the decline in a native
frog species in California. (Photograph: Photolibrary.)
Further analysis of homozygous
frm mutant larvae indicated that
the development of the sensory
vesicle was disrupted, and that
mutant larvae instead showed a
protrusion covered by a thickened
epidermis-like tissue (Figure 1B).
Other dorso-anterior ectodermal
derivatives also failed to develop,
including the adhesive organs
(palps), the stomodeum (pharynx)
(Figure 1C,D), and the nervous
network between the palps and the
sensory vesicle (Figure 1E,F). In
contrast, the overall organization
and development of caudal tissues
(endoderm, muscles and nerve
cord) appeared normal.
In ascidians, anterior and
posterior ectodermal cell fates
segregate at early cleavage
stages [7]. At the 8-cell stage, the
paired anterior/animal a4.2-
blastomeres are fated to form
rostral ectodermal derivatives
including the anterior epidermis,
anterior sensory vesicle, palps
and stomodeum. By contrast, the
paired anterior/vegetal A4.1-
blastomeres give rise to the
posterior nervous system [7]. The
frm larval phenotype was
suggestive of a perturbation
specific of the a-lineage. The a-
line cells of the ascidian embryo
are specified to adopt a neural
fate in response to successive
inductions occurring from the 32-
cell stage through the gastrula
stage [8]. To investigate whether
the frm phenotype was due to
perturbation of these early
specification events, we
examined the neural plate-stage
expression of the a-line specific
genes six3/6 and ROR2, as well
as of the pan-neural gene ETR1,
in the progeny of crossed frm
heterozygotes. Although at this
stage frm mutant embryos are
morphologically indistinguishable
from wild-type embryos, any
alteration in gene expression
should be evident in ∼ 25% of the
embryos. No alteration in
expression of these genes was
apparent at neural plate-stage
(data not shown). However, at
early-tailbud stage, ETR1 and
six3/6 expression is lost in the
anterior nervous system of 19%
(n = 68) and 21.2% (n = 165) of
embryos, respectively 
(Figure 2A–B’).
To further characterize the
antero-posterior defects of frm
mutant embryos, we examined the
expression of several markers that
discriminate a- and A-line
derivatives in embryos at the mid-
tailbud stage. The expression of
the islet-1, six3/6, and 24H09
genes, which mark the palps,
stomodeum, and anterior sensory
vesicle, respectively, was
abolished in the mutant (Figure
2C–E’). In contrast, the 08C09,
pax2/5/8 and citb08a22 genes
(Figure 2F,F’) are still properly
expressed in the posterior
sensory vesicle, neck region,
visceral ganglion, and nerve cord,
all of which are A-line neural
derivatives. Notably, none of
these A-line specific genes was
found to have an expanded or
shifted expression in anterior
domains, indicating that the
frimousse defects were not
caused by posteriorization of a-
line derivatives.
The ectodermal tissues that fail
to develop in frm mutant embryos
originate from a single pair of a-
lineage blastomeres of the 32-cell
embryo, named a6.5 (Figure 2G,K).
a6.5 descendants, which by default
would form epidermis, require
induction from vegetal blastomeres
to adopt a sensory vesicle, palp
and stomodeal fate [8]. To address
whether the fate of the a6.5 lineage
was impaired in frm, we marked
the a6.5 blastomeres of embryos
from crossed frm heterozygotes
with DiI (Figure 2H,H’). In frm
mutant embryos at tailbud stage,
labeling was improperly present at
the dorsal surface of the embryo, in
a cell sheet contiguous with the
epidermis and covering the SV
remnant (Figure 2H’,K’). In addition,
the a6.5 descendants, which
normally do not contribute to
epidermis, expressed the pan-
epidermal marker Epi1 and otx,
which is normally expressed in the
dorso-anterior epidermis (Figure
2I–J’). These results are consistent
with the a6.5 lineage assuming an
incorrect, dorso-anterior epidermal
fate in frm mutant embryos.
However, the proper expression of
neural-specific genes (e.g., ETR1,
ROR2 and six3/6) in a-line cells at
the neurula stage suggests that the
transformation of neural fate to
epidermis in frm is due to a
disruption of later events stabilizing
non-epidermal identity, rather than
to a disruption of the early steps of
neural induction [9,10].
The failure of frm mutant
embryos to maintain anterior
neural fate shows some
resemblance to phenotypes in
vertebrates that have been traced
to the disruption of inductive
signals from axial mesendoderm
and the anterior neural boundary
[11,12]. However, frm mutants
continue to express otx2
anteriorly at levels
indistinguishable from controls
(Figure 2J,J’), while in vertebrates
the disruption of signals from axial
mesendoderm and anterior neural
boundary results in loss of otx2
expression and/or posteriorization
of the anterior CNS [11,12].
Hence, the frm mutation may
provide new insights into
mechanisms critical for stabilizing
anterior neural fate in chordates.
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Figure 1. Phenotype of frimousse (frm) mutant larvae.
(A,B) Lateral view of wt (A) and frm (B) trunk; note loss of the sensory vesicle (SV)
pigment cells (arrowhead) and disruption of the palps (arrow) in (B). oc.: ocellus; ot.:
otolith. (C,D) Dorsal view of wt (C) and frm (D). Acetylcholinesterase staining; note lack
of staining in areas corresponding to the palps (arrow), stomodeum (triangle) and ante-
rior SV (arrowhead) in D. (E,F) Lateral view of wt (E) and frm (F). Nervous network of
larvae immunostained by acetylated tubulin: anterior neural tracks are perturbed in frm
(white arrowhead), while neural projections in the tail (white arrow) are intact.
Supplemental data
Supplemental data containing
experimental procedures are
available at http://www.current-
biology.com/cgi/content/full/14/11
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Figure 2. Fate and specification of a-line neural cells in frm embryos.
(A–F’) In situ hybridization with neural-specific probes. Probes are indicated at the bottom
right corner. (A–B’) Lateral view. Early tailbud stage embryos (10 h post-fertilization, at
16°C). Expression of ETR1 and six3/6 is abolished in the palps, stomodeum, and anterior
sensory vesicle. (C–F’) Mid-tailbud stage embryos (16 h post-fertilization, 16°C). (C–E’)
Expression of islet-1, six3/6 and 24H09, markers specific of the palps, stomodeum and
anterior sensory vesicle, respectively, is lost in the mutant. (F,F’) Expression of citb08a22
in the posterior nervous system (A-line descendants) is unchanged in frm mutant embryos.
(G) 32-cell stage embryo, animal view. Green: epidermal progenitors; red: a6.5-blastomeres;
purple: A-line blastomeres contributing to posterior nervous system. (H,H’) DiI labeling of
a6.5-blastomeres, lateral view. In frm embryos (H’), the label is seen in the cell layer cover-
ing the protrusion characteristic for the mutant. (I,I’) Expression of Epi1, a pan-epidermal
marker, lateral view. Epi1 is expressed in a6.5-descendants of mutant embryos, consistent
with the transfating of a6.5-line cells into epidermis. (J,J’) Lateral view. otx, which is nor-
mally expressed throughout the sensory vesicle and in the dorso-anterior epidermis,
remains expressed in the A-line derived posterior sensory vesicle, as well as in the a6.5-
descendants. (K,K’) Schematic representation of wild-type and frm embryos at tailbud
stage (lateral view). Color code: see (G). Note the superficial localization of the a6.5-descen-
dants. Legends: arrow, palps; triangle, stomodeum; arrowhead, anterior sensory vesicle;
blue arrow, posterior sensory vesicle; green arrow, visceral ganglion; red arrow, nerve cord.
